U lcerative colitis is a chronic inflammatory condition affecting the large bowel, ranging in severity from mild-to-fulminant colitis. 1, 2 Patients who experience a complication, lack of response to medical therapy, or develop dysplasia may require a colectomy. [3] [4] [5] Approximately 5% of patients will require colectomy within 1 year of diagnosis and 16% within 10 years. 5 Despite being considered curative therapy, surgery is associated with significant complications. [6] [7] [8] [9] [10] A recent meta-analysis has shown that risk of mortality following surgery were 0.7% and 5.3% for elective and emergency surgeries, respectively. 11 Despite the decline in rates of elective colectomy over time, the risk of emergent colectomy has not changed, 12 and most patients requiring emergent colectomy do so within the first 3 years of diagnosis. 12 Thus, the early identification of patients with more aggressive disease who may advance to early colectomy is important, yet the window to identify them is narrow. Identification may facilitate appropriate counseling, optimized medical management, or timely elective colectomy. The objective of our study is to identify the factors that can predict the risk of colectomy early in diagnosis.
MATERIALS AND METHODS

Data Sources
We conducted a population-based surveillance cohort study. The Data Integration, Measurement, and Reporting Hospital Discharge Abstract Database (DAD) was used to identify patients with ulcerative colitis (UC) who were hospitalized in the Calgary Health Zone (CHZ) in Alberta, Canada. The CHZ is a population-based health region of over 1 million residents of Calgary and over 20 nearby cities under a public single-payer system. 13 The DAD uses the International Classification of Disease, Ninth and Tenth Revisions, Clinical Modification (ICD-9-CM & ICD-10-CM) and the Canadian Classification of Health Intervention (CCI) to code diagnostic and procedural codes during admission to a hospital. 6, 14 The DAD has been locally validated to be used in studies of UC. 14 
Study Population
We identified all patients with discharge diagnosis code of UC (ICD-9-CM 556.X or ICD-10-CA K51.X) in any diagnostic position between January 1, 1996, and December 31, 2009 at a Calgary Health Zone hospital. Medical charts were reviewed of all patients. The inclusion criteria included a confirmed diagnosis of UC based on standard clinical diagnostic criteria, age $18 years at the time of admission to hospital, primary reason for admission to hospital because of a flare of UC, and admission occurring within 3 years of diagnosis. We a priori defined risk of colectomy at 3 years based on previously published literature that showed a higher rate of colectomy in our health region within the first 3 years. 12 These criteria allowed us to identify a study population consisting of patients with UC who were emergently admitted to hospital with a flare of UC within 3 years of diagnosis. The date of admission served as the index date. All admitted patients received standard care of acute severe UC including intravenous corticosteroids. Included patients in this study were followed-up for hospitalization and/or surgery from diagnosis to their third year of disease duration.
Outcomes
The primary outcome of interest was a colectomy within 3 years of diagnosis. Colectomy was confirmed through medical chart review. We a priori selected the window of 3 years based on a previous publication showing that most patients with UC who required an emergent colectomy underwent surgery within 3 years of diagnosis. 12 
Study Variables
Patients' charts were reviewed and relevant data were extracted. The diagnosis of UC and the date of diagnosis in relation to the admission date were confirmed. Extracted variables included age defined as 18 to 34, 35 to 64, and .64 years; sex; smoking status defined as current, former, or never smoker at the time of admission; residence in the Calgary Health Zone; year of first index hospital admission (for patients with noncolectomy); year of surgery (for patients with colectomy); length of flare defined as ,2 weeks, 2 to 8 weeks, and .8 weeks; comorbidities, based on a previously validated list of preexisting health conditions for UC 14 ; disease extent stratified as left sided or pancolitis; and hemoglobin level. In addition, drug utilization before hospitalization was recorded for 5-ASA, azathioprine, oral prednisone, and infliximab. Patients who received their induction of infliximab in hospital (i.e., naive to anti-TNF therapy before admission) were evaluated separately.
Statistical Analysis
Bivariate analyses were performed using Fisher's exact test to examine the association between each study variable and colectomy within 3 years of diagnosis. Continuous variables were expressed as medians with interquartile ranges and compared using the Wilcoxon rank sum test. A logistic regression model was created to evaluate variables (age, sex, smoking, residence, year, length of flare, comorbidities, disease extent, hemoglobin, and inflammatory bowel disease medications) that independently predicted the need for colectomy within 3 years of diagnosis. Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) are reported. We conducted a sensitivity analysis restricted to the biological era as defined by hospitalization occurring between 2005 and 2009. In this study population, we conducted a multivariate logistic regression model to evaluate the effect of infliximab before admission or during hospital admission on need for colectomy. All statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary, NC). In all instances, an a priori significance level of 0.05 was used.
The study was approved by the Conjoint Health Research Ethics Board at the University of Calgary. Our study was conducted in accordance with the strengthening of the reporting of observational studies in epidemiology (STROBE) statement. 15 
RESULTS
In total, 489 patients with UC were hospitalized within 3 years of diagnosis and 57.7% underwent colectomy within 3 years of diagnosis. Among patients with UC who had a colectomy: 51% (144) had surgery in the first year, 31% (86) in the second year, and 18% (52) in the third year. Table 2) .
Exposures to oral corticosteroids, azathioprine, or infliximab before admission were independent predictors of colectomy: OR 5.44 (95% CI, 3.03-9.75), OR 2.95 (95% CI, 1.42-6.09), and OR 5.12 (95% CI, 1.36-19.30), respectively. In contrast, receiving an induction dose of infliximab during hospitalization in biologic-naive patients was associated with reduced odds of colectomy: OR 0.28 (95% CI, 0.10-0.77).
In the sensitivity analysis that restricted the study population to the biologics era, previous infliximab use increased the odds of colectomy (OR 6.51; 95% CI, 1.63-26.00), whereas infliximab use in hospital was no longer significant (OR ¼ 0.43; 95% CI, 0.15-1.25).
DISCUSSION
Optimizing medical therapy in UC is aimed at improving symptoms, preventing complications, and avoiding colectomy. 16 Early identification of patients who are at higher risk of colectomy may help guide clinicians in targeting those patients who would require earlier aggressive therapy and more frequent monitoring. In this population-based study, we evaluated factors that may help identify patients at higher risk of colectomy and thus predict worse outcome in patients who require hospitalization for active UC within 3 years of diagnosis. This is the first population-based study to evaluate clinical predictors of early colectomy among patients with severe UC requiring admission to hospital within 3 years of diagnosis. Overall analysis showed that patients who were males, diagnosed between the ages of 34 to 64 years with pancolitis, were more likely to require early colectomy. Although sex, age, and disease extent cannot be modified, they reflect a patient profile that warrants close monitoring during the early course following diagnosis of UC. Patients exposed to prednisone, azathioprine, and infliximab before hospitalization were more likely to need early colectomy. This suggests that UC patients with fulminant colitis may quickly progress to colectomy. In these cases, earlier introduction of biologics with immunomodulators may be required.
One-third of our population did not receive a course of oral prednisone before their index admission to hospital. This observation reflects the high disease severity of the study population. Patients who were not prescribed prednisone as outpatients were primarily those with UC who were diagnosed at their index hospital admission or who presented directly to the emergency department during their flare. Living in smaller towns or rural areas outside of the Calgary Health Zone increased the odds of colectomy. This finding suggests that those living in underserviced areas or areas requiring transfer to a tertiary care hospital are more likely to require surgery than those who have greater access to specialist care in hospital. The reasons for this could be delayed access to more effective therapy like anti-TNF or longer duration of exposure to steroids before transfer. In a recent meta-analysis of 20 studies, Dias et al 17 showed that gender, hospitalization, extent of UC, requirement for steroids, smoking habits, and CRP were associated with increased risk of colectomy. The studies included were heterogeneous with mixed prospective and retrospective design, and were not restricted to population-based studies. Using the populationbased IBSEN data from Norway on patients diagnosed between 1990 and 1994 then followed-up for 10 years, Solberg et al 18 showed that age #40 years, requirement of systemic steroids, pancolitis, and CRP $30 were associated with increased risk of colectomy over a course of 10 years following diagnosis. Our study is different as we report the relatively short-term colectomy outcome; that is, within 3 years of diagnosis.
The risk of colectomy reported in our cohort was relatively high, approaching 58%. This does not reflect the actual rate of colectomy among all patients with UC, which we have previously shown to be lower and decreasing significantly over time. 12 A meta-analysis in 2013 revealed that colectomy rates were 4.9%, 11.6%, and 15.6% at 1, 5, and 10 years from diagnosis, respectively. 5 Our study population focused on patients with severe disease requiring a hospital admission within 3 years of diagnosis. Among this population, 58% underwent early colectomy; however, this risk decreased throughout the course of study period. This likely reflects improvement in therapy optimization and early intervention based on identifying the risk factors for worse outcome. In addition, improved medical therapy for UC by the introduction of biologics early in the course of steroid, refractory acute severe UC might have contributed to this decrease over time. As our data collection started in 1996, many patients were treated in the pre-biologics era. In a retrospective study which evaluated a cohort of patients admitted with acute severe UC at different periods of time, it was shown that the early colectomy rate was .44% between 1976 and 2000, whereas it was 9.8% between 2000 and 2006. 19 In addition, the risk of colectomy is highest in the first few years after diagnosis, 12, 18 and studies which have reported lower incidence of colectomy included patients with variable disease severity.
Only 7% of patients hospitalized with UC were prescribed infliximab in hospital because our study period spanned 1996 to 2009. Routine prescription of infliximab in our health region started in 2005. In the overall analysis, patients who received induction infliximab during hospitalization had lower risk of proceeding to colectomy; however, this association lost significance when analysis was restricted to the biological era. In part, the loss of significance was due to reduced small sample size. In addition, in the first few years of infliximab use in hospital, induction dosing with rapid dose escalation to 10 mg/kg and dose optimization following measurement of drug levels were not performed. Other studies demonstrated that early introduction of infliximab in the course of refractory severe UC was associated with a reduction in colectomy rates, [19] [20] [21] even up to 75% reduction in one study. 22 Infliximab was found to be effective in significantly reducing the risk of colectomy. 12, 19, [23] [24] [25] [26] [27] Rescue therapy with infliximab has preferential outcome in terms of lower colectomy risk for longer follow up. 25 Nonresponders to infliximab rescue therapy, however, were shown to have worse outcomes. 28, 29 In our study, smoking status did not influence the need for early colectomy. This is in agreement with the findings of the IBSEN study as well as others, 30, 31 which demonstrated no effect of smoking status on risk of colectomy during the first 10 years of UC diagnosis. On the other hand, several other studies demonstrated that smoking status affects the need for a colectomy [32] [33] [34] [35] with an increased risk of colectomy in nonsmokers and those who quit smoking before their diagnosis with UC. In part, the inconsistencies may be driven by study design, as our population was focused on those with severe UC early in the course of diagnosis. This study has some limitations. Firstly, a retrospective chart review cannot adequately control for disease severity. Although we evaluated some indirect proxies of disease severity like anemia and pancolitis, other biomarkers (e.g., Creactive protein) were not reliably measured in our study population. Nonetheless, by restricting our study population to those who were admitted to hospital early after diagnosis, our patients were universally considered to have severe or fulminant colitis. In addition, less than 10% of our cohort was exposed to infliximab because routine prescription of infliximab in UC started in 2006. Further, Berkson's fallacy may be a source of bias in our study population. Study populations arising from hospitalized patients, rather than the general population, may result in a selection bias that leads to a false negative association between a risk factor and a disease. Therefore, the findings of our study should be generalized to hospitalized patients with severe disease, and not to those with milder disease activity and who did not require hospitalization. Further studies with prospective design should be undertaken to validate the predictive clinical factors.
Among patients hospitalized with UC within 3 years of diagnosis, the need for colectomy is high. Importantly, this risk is decreasing across time. The profile of a patient at a higher risk of early colectomy includes middle-aged men with pancolitis, a finding that clinicians can use for risk stratification at diagnosis of UC. As well, patients from rural areas had higher odds of colectomy. Programs to support patients living in underserviced areas should be evaluated to improve access to specialist care.
